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© Semiconductor package and computer using the package. 


© A semiconductor package for use in computers 
includes an insulating substrate (2) onto which a 
semiconductor device (1) is mounted, an insulating 
CNcap (3) which shuts out outside air and seals said 
^semiconductor device (1). power-source lines (7) 
m which provide power to the semiconductor device, 
Gland signal lines (6) which transmit output signals 
^ffrom the semiconductor device to external circuits. 
t-iThe signal lines are arranged perpendicularly to the 
<D insulating substrate so that they are prevented from 
^the dielectric constant of the insulating substrate, 
O while the power-source lines are formed within the 
^insulating substrate and connected through conduc- 
2jtive layers parallel to the surface onto which the 
semiconductor is mounted to external leads (4, 5). 
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SEMICONDUCTOR PACKAGE AND COMPUTER USING THE PACKAGE 


BACKGROUND OF THE INVENTION 
Field of the Invention 


This invention relates to a novel semiconductor 
package and a computer which uses it. 

Prior Art Statement 


Recent demands for faster and more compact 
computers based on semiconductor devices have 
spurred higher degrees of integration and larger 
semiconductor devices. They have also led to an 
increase m the number of terminal electrodes used 
for connecting semiconductor devices to the out- 
side. In order to deal with ever greater numbers of 
terminals, the method of controlled collapse bond- 
ing (CCB) in which many electrodes are regularly 
arrangec on one main surface of the semiconduc- 
tor device has been used in packages of a struc- 
ture m wrich electrodes on the semiconductor de- 
vice are electrically connected to electrodes on a 
package substrate used for mounting the semicon- 
ductor device. Radiation of heat from such package 
substrates to which semiconductor devices are 
mounted by means of the CCB method is covered, 
as in Japanese Laid-Open Patent Publication (JP- 
A) 62-249429. by connecting a surface of the pack- 
age on which electrodes of the semiconductor de- 
vice are not formed to a cap substrate with solder 
or other thermally conductive material, but no at- 
tention is paid to wiring within the base substrate. 
Multi-layer base substrates normally include a con- 
ductive layer for signal transmission, a conductive 
layer for power supply, a conductive layer for con- 
nection to ground and conductive layers for many 
other systems. With such conventional package 
structures, the conductive layer for power supply 
within the substrate, like the conductive layer for 
signal transmission and conductive layer for con- 
nection to ground, is wired with fine lines of nearly 
uniform cross-sectional shape, each connected to 
terminals for connecting to the outside. In addition, 
for computers which are normally required to per- 
form high-speed operations, in order to suppress 
voltage fluctuations due to instantaneous current 
during signal switching, capacitor devices have 
been built into the printed substrate onto which the 
package is mounted, or the package has been 
connected to a nearby capacitor device, or as seen 
in Japanese Laid-Open Patent Publication (JP-A) 
No. 62-169461. a structure in which capacitor de- 
vices are formed on part of the package has been 
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employed. 

Furthermore, with respect to higher densities 
and higher degrees of integration, the presently 
main-stream DIP package is being replaced by 

5 packages with structures suited to connection of 
many terminals, such as flat packages in which the 
terminals for connecting to the outside are ar- 
ranged along the four edges of the package sub- 
strate, and PGA-type packages in which terminals 

/o for connecting to the outside are arranged on a 
single face of the package substrate. 

An example of flat packages is a 200-pin ciass 
package disclosed in "Components and Packaging 
for the FACOM M-730" FUJITSU 37.2. pp. 116- 

75 123. 

On the other hand, while high speed has not 
posed any particular problem up until now. conven- 
tional packages are becoming unable to satisfy 
performance requirements. Current flowing through 

20 a package can be broadly divided into two types, 
each requiring different properties. The first is sig- 
nal current which is required to have as shor: of 
rise and fail times as possible. This requirement, 
expressed as conditions for the transmission cir- 

25 cuits, means that inductance and capacitance are 
to be reduced to as low of level as possible. Tne 
other type of current flowing through -the package 
is the power-source current. Fluctuations in the 
power-source voltage due to load fluctuations are 

30 required to be kept as low as possible. To achieve 
this end. inductance in the transmission circuit for 
the power-source current should be reduced but 
capacitance should be increased. Conventional 
packages cannot assure sufficient capacitance, so 

35 the function of stabilizing voltage was not required 
of the package so only reduction of inductance is 
aimed for. As a means of realizing this, the trans- 
mission path for the power-source current is made 
shorter than that of the signal current, specifically 

40 by bringing the power-source pin close to the 
semiconductor device (or near the center of the 
four edges). Yet this method, while reducing the 
inductance of the power-source line, also reduces 
the capacitance at the same time. Moreover, this 

45 involves the problem of a proportionate increase in 
the inductance and capacitance of the signal lines. 

No conventional packages have structures 
which allow the different requirements of the 
power-source lines and signal lines to be satisfied 

so simultaneously. 

When a capacitor device is externally attached 
near the package, the length of wiring from the 
semiconductor device to the capacitor, so the 
power-source voltage fluctuations cannot be suffi- 
ciently suppressed. Since the wiring lines in the 
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conductive layers for power supply and connection 
to ground are thin, they are susceptible to fluc- 
tuations in power-source voltage from the outside, 
becoming one cause of malfunctions. Furthermore, 
the conductive layer for signal transmission ex- 
tends into the periphery within the package sub- 
strate, and the terminals are positioned among the 
terminals of conductive layers for power supply 
and connection to ground. For this reason, the 
length of wiring which passes through a ceramic 
substrate of a high dielectric constant is long so 
the signal transmission lag time becomes large. 
Also, in a structure as seen in Japanese Laid-Open 
Patent Publication (JP-A) No. 62-169461, in which 
a capacitor device is formed in part of the package, 
since a capacitor is formed on the side on which 
the heat generated by the semiconductor device is 
dissipated, effective thermal resistance within the 
package increases so that heat radiation wjouid be 
insufficient if mounted with one of the semiconduc- 
tor devices which have in recent years become 
larger, more highly integrated and generate more 
heat. 


SUMMARY OF THE INVENTION 

The object of the invention is to provide a 
reliable package for semiconductor devices with 
the property of high-speed signal transmission. 

The present invention is a semiconductor pack- 
age characterized by, in a semiconductor package 
which has an electrically insulating substrate to 
which a semiconductor device is mounted and an 
electrically insulating cap which shuts out outside 
air and seals the semiconductor device, and is 
provided with power-source lines which provide a 
power source for the semiconductor device and 
signal lines which transmit signals from the semi- 
conductor device, an improvement by which the 
signal lines are arranged such that they are not 
affected by a dielectric constant of the substrate. 

Furthermore, in the present invention, the 
power-source lines are formed in the electrically 
insulating substrate by conductive layers parallel to 
the semiconductor device mounting surface, while 
the signal lines do not have a parallel conductive 
layer within the electrically insulating substrate, or 
alternately, the power-source line is connected to 
external leads by an internal path through the elec- 
trically insulating substrate, while the signal lines 
are connected to external leads by internal paths 
through either the electrically insulating substrate 
or an electrically insulating cap. 

In addition, the conductive layer within the 
electrically insulating substrate and the semicon- 
ductor device are electrically connected by fine 
metal lines on the semiconductor device mounting 


surface of the electrically insulating substrate, and 
the conductive layer and semiconductor package 
external leads are electrically connected on a lat- 
eral face of the electrically insulating substrate, 
5 while the signal lines are embodied as fine metal 
lines connecting the semiconductor device to the 
external leads. The fine metal lines are made of 
Au, Ag, AL or Cu or an alloy comprised mainly of 
these elements. The tines measure approximately 
70 20 to 60 am in diameter. 

The electrically insulating substrate and cap 
are formed as ceramic sintered bodies, and in 
particular, these parts would preferably have coeffi- 
cients of thermal expansion which approximate that 
75 of silicon, room temperature thermal conductivities 
of 100 vV/m*K or greater, and dielectric constants 
of 8.8 or greater. It is also preferable that the 
coefficients of thermal expansion of the substrate 
and cap approximate each other. These parts are 
20 made of silicon carbide, aluminum nitride, mullite 
or other sintered bodies. Polyimide glass and ep- 
oxy glass are also possible. 

In addition, a combination of: sealing cut the 
outside air by bonding the electrically insulating 
25 substrate and electrically insulating cap with glass; 
using a plurality of metal pins as the terminals for 
connecting the semiconductor package to the out- 
side; arranging the tips of these metal pins on the 
electrically insulating cap side of the semiconduc- 
30 tor package; arranging the metal pins on the pe- 
riphery of the semiconductor package and dividing 
the power-source tines and signal lines into sepa- 
rate rows; electrically connecting the tips of the 
signal fine external lead metal pins, which are con- 
35 nected to an electrical connection path which 
passes through neither the electrically instating 
substrate nor the electrically insulating cap, to the 
printed substrate by placing them in contact with 
and soldering them to the surface of a conductive 
40 pad on the printed substrate; electrically connect- 
ing the tips of the power-source line external lead 
metal pins, which are connected to an electrical 
connection path which passes through the conduc- 
tive layer within the material of the electrically 
45 insulating substrate, to the printed substrate by 
either placing them in contact with and soldering 
them to the surface of a conductive pad on the 
printed substrate, or inserting them into through 
holes formed on the printed substrate; and making 
so the power- source line metal pins thick and spaced 
widely apart, serving to mechanically support the 
semiconductor package. 

The present invention lies in a electrically in- 
sulating substrate characterized by, in a electrically 
55 insulating substrate having a plurality of conductive 
layers each insulated from each other by the inte- 
rior of a semiconductor device mounting which 
forms a semiconductor package comprising an 
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electrically insulating cap forming an airtight vessel, 
the improvements of extending the spread of the 
conductive layer and having linear conducting 
paths which electrically connect to any single con- 
ductive iayer without touching other conductive lay- 
ers, yet cross the conductive layer without pene- 
trating the conductive layer. 

The substrate has a room temperature thermal 
conductivity of 100 W/m*K or greater, is made of 
ceramic with a coefficient of thermal expansion 
approximates that of silicon, is formed as the con- 
ductive layers are sintered simultaneously with the 
ceramic. The substrate is preferably a sintered 
body of silicon carbide, aluminum nitride, mullite or 
the like. 

The invention is a semiconductor device for a 
semiconductor package provided with an electri- 
cally insulating substrate, an electrically insulating 
cap which shuts out outside air and seals the 
package interior, and metal pins which connect to 
external wiring means connected to electrical con- 
nection circuits for two systems of signal lines, 
without passing through either the electrically in- 
sulating substrate or the electricalfy insulating cap. 
in' wnich bonding pads for the power-source lines 
and signal lines are arranged around the periphery 
of the semiconductor device in at least two rows, 
and in which the bonding pads for the power 
source are provided on the outermost periphery. 

The semiconductor packages of the invention 
described above can be used in a computer which 
is provided with platters, multi-layer printed sub- 
strates connected to the platters by connectors, 
logical semiconductor packages and main-memory 
semiconductor packages mounted on the sub- 
strates. 

Furthermore, in a semiconductor package as 
described above, the invention also includes, in 
order to make any effects of a dielectric constant of 
the substrate as small as possible, the signal line 
being wired perpendicularly within the substrate, 
and the power-source line passing through a con- 
ductive layer formed within the substrate parallel to 
the surface on which the semiconductor device is 
mounted, and connects to external leads. 

In addition, the conductive layers are longer 
than the thickness of the substrate and have suffi- 
cient length that malfunctions accompanying exter- 
nal voltage fluctuations do not occur, the signal 
lines are formed of conductive paths within the 
substrates and are of a length equal to the thick- 
ness of the substrate, and the external terminals for 
the power-supply lines and signal lines are formed 
on the back side of the substrate on the opposite 
side from the surface on which the semiconductor 
device is mounted. 

In particular, it is preferable that the terminals 
for the power-source lines formed on the substrate 
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are arranged outside of the terminals for the signal 
lines. 

Electrodes for the power source of the semi- 
conductor device connected to external connection 

5 terminals formed on the substrate by solder 
bumps, or for connecting to ground should be 
arranged in a plurality of rows, alternating with, 
electrodes for signal lines. 

The surface opposite the surface on which the 

io electrodes for the semiconductor device are pro- 
vided should be connected to an electrically in- 
sulating cap by a material with high thermal con- 
ductivity. 

A thin-film multilayer wiring layer should be 

is formed on the surface on which the semiconductor 
device is mounted, and it is particularly preferable 
that this wiring iayer be formed by a resin layer. 

In the invention-, in a semiconductor package 
described above, in order to minimize any effects 

20 of a dielectric constant of the substrate, the signal 
line is wired perpendicularly within the substrate, 
the power-source line oasses through a conductive 
iayer fcrmed within tne substrate parallel to the 
surface on which the semiconductor device is 

25 mounted, and connects to external leads, and the 
signal line and power-source line are connected to 
the electrodes for the semiconductor device with 
fine metal lines. 

In a semiconductcr package to which a semi- 

30 conductor device is mounted, at least two systems 
of electrical paths leacing from inside the package 
to outside the package. At least one of these is the 
power-supply system which passes through the 
electrically insulating substrate onto which the 

35 semiconductor package is mounted. Moreover, the 
direction of wiring within the electrically insulating 
substrate includes components parallel to the elec- 
trically insulating substrate. At the same time, the 
other system is the signal system for the semicon- 

40 ductor device. By minimizing the effect of the di- 
electric constant of the substrate in the electrically 
insulating substrate, particularly by eliminating all 
components of the signal system parallel to the 
electrically insulating substrate, even when a ce- 

45 ramie or other material with a large dielectric con- 
stant is used for the substrate, the propagation lag 
time can be minimized by minimizing the signal 
propagation path. 

In other words, a propagation path should be 

so provided such that the inductance and capacitance 
of the signal current are be reduced so that the 
dielectric constant of the substrate has no effect At 
the same time, a propagation path for the power-' 
supply current such that the inductance is reduced 

55 but the capacitance is increased to gain maximum 
use of the effect of the dielectric constant of the 
substrate. This will result in a reduction in signal 
transmission lag times and a marked decrease in 
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malfunctions due to voltage fluctuations. 

By using for the electrically insulating substrate 
a material with a dielectric constant at 1 MHz of 8.8 
or greater, the above effect is particularly large. It 
is also preferable that the dielectric loss at 1 MHz 
is greater than 5x 10~ 4 . 

As described above, as a result of creating one 
conduction path with both low inductance and low 
capacitance and one conduction path with low in- 
ductance but high capacitance, the following ef- 
fects are obtained. Since the signal line is arranged 
so that it is not affected by inductance and capaci- 
tance, the signal lag time can be minimized. Since 
the inductance is small yet the signal line is ar- 
ranged with respect to the substrate so that the 
effect of capacitance is prevented, fluctuations in 
power-source voltage due to signal switching are 
minimized, in addition, as to the synergistic effect, 
even when a plurality of operation blocks are run 
simultaneously, fluctuations in power-source volt- 
age can be minimized, so the overall operating 
speed can possibly be increased through parallel 
execution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-section of a semiconduc- 
tor package which illustrates Preferred Embodi- 
ment 1 of the invention. 

Figure 2 is a cross-section of a semiconduc- 
tor package which illustrates Preferred Embodi- 
ment 2 of the invention. 

Figure 3 is a top view of the metal pins of 
the semiconductor package of Figure 2. 

Figures 4 and 5 are cross-sections used to 
explain the semiconductor package of Figure 2. 

Figure 6 is a graph of effective thermal resis- 
tance of the semiconductor package as a function 
of wind speed. 

Figure 7 is a top view of signal-line and 
power-supply-iine terminal-side bonding pads. 

Figure 8 is a cross-section of a semiconduc- 
tor package which illustrates Preferred Embodi- 
ment 3 of the invention. 

Figure 9 is an enlargement of section A of 
the substrate of the semiconductor package of Fig- 
ure 8. 

Figure 10 illustrates Preferred Embodiment 4 
of the semiconductor package of the invention. 

Figure 1 1 (a) is a cross-section of a semicon- 
ductor package which illustrates Preferred Embodi- 
ment 5 of the invention. 

Figure 1 1 (b) is a schematic diagram illustrat- 
ing wiring paths. 

Figure 12 is a top view illustrating the elec- 
trode formation pattern of the semiconductor de- 
vices of Figure 1 1(a). 


Figure 13 is a cross-section of a semicon- 
ductor package which illustrates Preferred Embodi- 
ment 6 of the invention. 

Figure 14 is a cross-section of a semicon- 
5 ductor package which illustrates Preferred Embodi- 
ment 7 of the invention. 

Figure 15 is a cross-section of a semicon- 
ductor package which illustrates Preferred Embodi- 
ment 8 of the invention, 
/o Figure 16 illustrates Preferred Embodiment 9 

in which the semiconductor package of the inven- 
tion in Figure 13 is mounted in a computer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
15 MENTS 


[Embodiment 1 ] 

20 Figure 1 isa cross-section of a semiconductor 

package which illustrates Preferred Embodiment 1 
of the invention, in which 1 is a semiconductor 
device, 2 is an electrically insulating substrate, 3 is 
an eiectricaliy insulating cap, 4 is a signal line 

25 metal pin, 5 is a power-source line metal pin, 6 is a 
signal line wire, 7 is a power-source line wire, 8 is 
insulating material used for sealing, and 9 is a 
conducting path, in the Figure, a flat pack-type 
package is illustrated as an example. The signal 

30 current is transmitted from the semiconductor de- 
vice 1 through signal line wire 6 to the signal line 
metal pin 4 and leaves the package. A large part of 
the self-inductance of this path is determined by 
the length and cross-sectional area of the signal 

35 line wire 6 and the signal line metal pin 4. Thus the 
dimensions and shape of the wiring path are domi- 
nant. In contrast, while the dimensions and shape 
of the wire itself are also major factors affecting 
capacitance, they also vary greatly depending on 

40 the distance to a counter electrode (e.g., power- 
source wiring) and the dielectric constant of insula- 
tors along the way. In the case in the Figure, the 
wiring path is nearly completely surrounded by air, 
with only one part surrounded by insulating ma- 

45 terial used for sealing 8. so the capacitance is 
small. 

Next the path of power-source current will be 
described. The power-source current is led from 
semiconductor device 1 through power-source line 

so wire 7 along the conducting path 9 and enters the 
interior of electrically insulating substrate 2. Next it 
is transmitted to power-source line metal pin 5 on 
the edge of electrically insulating substrate 2, and 
leaves the package. The self-inductance of this 

55 path is determined by the length and cross-sec- 
tional area of the power supply line wire 7, con- 
ducting path 9 and power supply metal pin 4. Thus 
as in the case of the signal current, the dimensions 
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and shape of the wiring path are the determining 
factors. In contrast, the conducting path 9 is sur- 
rounded by dielectrics and also, two paths of dif- 
ferent electric potential pass near to each other in 
opposite directions, so the capacitance is large. 

As described above, transmission paths for the 
signal current are provided such that they are af- 
fected to the least possible degree by the induc- 
tance and capacitance, while transmission paths for 
the power-source current are provided such that 
the inductance is reduced while the capacitance is 
increased. 

tn this Preferred Embodiment, the portion of 
the signal line in contact with the ceramic substrate 
is extremely small, so the signal transmission lag 
time is reduced by 30%. 

[Embodiment 2] 

A second embodiment of the invention will be 
described in reference to Figures 2, 3. and 7. A 
semiconductor device 1 measuring 15 mm square 
is positioned near the center of an A I N substrate 
10 (an electrically insulating substrate made from 
an aluminum nitride sintered body) and its rear 
surface is fixed by a die-bending section 20. Here 
in contrast to Figure 1 described above, the A IN 
substrate 10 is positioned in the top portion of the 
entire package. This arrangement, known as a 
cavity-beiow arrangement is beneficial in that heat 
radiation is improved. In contrast, the arrangement 
of Figure 1 is known as a cavity-above arrange- 
ment and while heat radiation is not as good as the 
cavity-below arrangement, its ease of fabrication 
makes it a beneficial structure from a cost stand- 
point. The A IN substrate 10 measures 30 mm 
square and 1 mm thick. In the interior of AlN 
substrate 10 are two planar conductive layers 15 
made of tungsten. The distance between the sur- 
faces is approximately 0.1 mm. Two hundred 
power-source-line Kovar pins 14 (cross-sectional 
dimensions: 250 am wide x 250 am thick) are 
bonded onto the edge of the AlN substrate 10 by 
Kovar pin bonding sections 21. An AlN cap 11 
measuring 30 mm square and 1 mm thick is posi- 
tioned opposite the AlN substrate 10 and bonded 
to an AlN ring 12 with a sealing solder section 22. 
The AlN ring 12 is bonded with sealing glass 17 to" 
400 signal-line Kovar pins 13 (cross-sectional di- 
mensions: 125 am wide * 100 am thick) and the 
AlN substrate 10. 

The path of power-source current will now be 
described. First, the signal current passes from the 
semiconductor device 1 through a device-side 
bonding pad 23. through signal line wire 6 and is 
transmitted through a pin-side bonding pad 19 to 
the signal-line Kovar pins 13 and out of the pack- 
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age. The self-inductance of this path is determined 
by the length and cross-sectional area of the signal 
line wire 6 and signal-line Kovar pins 13. and upon 
measurement, was found to be 8 nH. Next, the 

5 capacitance was measured. As described previous- 
ly, capacitance is greatly affected by the distance 
to a counter electrode (e.g.. power-source wiring) 
and the dielectric constant of insulators along the 
way. In this structure, the wiring path is nearly 

iq completely surrounded by air, with only one part 
surrounded by sealing glass 17, so the capacitance 
is small, being 0.9 pF for the longest path. The 
power-source current passes from semiconductor 
device 1 through device-side bonding pads 23. 

/5 through power-source iine wires 7 and enters the 
AlN substrate 10 through substrate-side bonding 
pads 18. Inside the AlN substrate 10 is a tungsten 
conducting path sintered and formed simultaneous- 
ly with the sintering of the AlN. The current first 

20 flows along linear conducting paths 16 connected 
to substrate-side bonding pads 18 and perpendicu- 
larly traverses the substrate. The linear conducting 
paths 16 are connected to either of two planar 
conductive layers 15. The ends of the planar con- 

25 ductive layers 15 are extended to ends of the AlN 
substrate 10. so the power-source current reaches 
the ends of the AlN substrate 10 along this path. 
In order to connect to the planar conductive layers 
15. Kovar pin bonding sections 21 are formed on 

3Q these ends and connected to power-source-line 
Kovar pins 14 so that the power-source current 
reaches the power-source-line Kovar pins 14. Now 
the self-inductance of this path will be described. 
Since the planar conductive layers 15 are formed 

35 within the AlN substrate 10. the increase in induc- 
tance when current flows through these layers is 
extremely small, so it can actually be ignored. And 
since the linear conducting paths 16 are connected 
perpendicularly to the planar conductive layers 15, 

do there is also no increase in inductance due to the 
connection. As a result, the effective wiring length 
is shorter than the path of the signal current, so 
even the longest path has a self-inductance of 4 
nH, an extremely low value. Furthermore, as de- 

45 scribed previously, capacitance is greatly depen- 
dent on the state of the wiring surroundings. This 
Preferred Embodiment uses AlN which has a rela- 
tively high dielectric constant of approximately 10. 
yet even so. because the planar conductive layers 

so separated by a distance of 0.1 mm and are kept at 
the power-source voltage facing each other, a rela- 
tively high capacitance is obtained. 

By selecting materials which have coefficients 
of thermal expansion near that of silicon for use 

55 here, reliability is increased. Specifically, since the 
coefficient of thermal expansion of silicon is ap- 
proximately 2x1 0~ 5 ' C, that of AlN is approxi- 
mately 4xl0~ 5 '*C. that of Kovar (an alloy of iron 
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containing 29% nickel and 17% cobalt by weight) 
is approximately 4.5xiO" 5 '*C, that of glass 
(containing 15% zinc oxide, 55% boron oxide. 10% 
lead oxide, 16% silicon oxide by weight along with 
alumina and zinc fluoride) is approximately 
5x10" 5 /*C, all values near that of silicon. The 
effect of differences in coefficients of thermal ex- 
pansion is particularly marked in large parts, so the 
same material was selected for the AtN substrate 

10 and At N cap 1 1. 

The most reliable glass available was used as 
the insulating material for sealing. As described 
later, due to difficulties in processing, the AtN cap 

1 1 could not be formed as a single unit like the 
electrically insulating cap 3 of Figure 1 , becoming 
a compound structure with the AtN ring. The di- 
electric constant of At N at 1 MHz is between 3.8 
and tO.O, while that of the substrate of SiC contain- 
ing Be is approximately 42. 

The room-temperature dielectric loss at 1 MHz 
is between 5 and 20 for an AtN sintered body, 
while that of a Be-containing SiC sintered body is 
500, and this is effective as the substrate of the 
invention. 

Here follows an explanation of the manufactur- 
ing process of this Preferred Embodiment: 

(1) Green sheets of AiN are stacked and sin- 
tered at between 1 ,800 * C and 1 ,900 ' C to produce 
the AiN substrate 10. During green sheet manu- 
facture, holes are punched crosswise to the thick- 
ness direction in the locations corresponding to 
wiring, specifically the linear conducting paths 16, 
and then the holes are filled with tungsten paste. In 
addition, each sheet is printed with tungsten paste 
according to the pattern of the planar conductive 
layers 15. 

(2) Nickel is electroplated onto AtN substrate 
10 edge tungsten patterns, specifically Kovar pin 
bonding section tungsten layers 211, and AtN sub- 
strate 10 surface tungsten patterns, specifically die- 
bonding section tungsten layers 201 and substrate- 
side bonding pad tungsten layers 181. The elec- 
troplating forms Kovar pin bonding section nickel 
layers 212, die-bonding section tungsten layers 
202 and substrate-side bonding pad tungsten lay- 
ers 182, respectively. 

(3) The power-source-line Kovar pins 14 and 
signal line Kovar pins 13 are formed from a single 
sheet of Kovar plate by chemical etching. Figure 3 
shows the shape of the signal line Kovar pins 13 
after etching. The ends of the signal line Kovar pins 
13 are connected together with a frame 35 to 
improve the workability of later work. 

(4) Silver solder [eutectic solder (silver contain- 
ing 28% copper by weight)] is used to solder 
power-source-line Kovar pins 14 to the AtN sub- 
strate 10. The soldering is carried out in a nitrogen 
atmosphere at a maximum temperature of 830 C. 


This results in the completed Kovar pin bonding 
sections 21 shown in the diagram. 

(5) An AtN ring 12 of peripheral dimensions 30 
mm square, the same as AtN substrate 10, is 

5 fabricated by sintering, and one of its faces is 
coated with a paste whose main components are 
molybdenum and manganese. The ring is heat- 
treated at a maximum temperature of approximate- 
ly 900 *C to form a sealing solder section 

w molybdenum-manganese layer 221. Nickel is elec- 
troplated onto the surface of the molybdenum- 
manganese layer 221 to form a nickel layer 222. 

(6) The AtN ring 12 completed as above, the 
signal-line Kovar pins 13 and the AiN substrate 10 

15 are bonded together with sealing glass 17. In order 
to assure reliability, the glass was required to have 
a coefficient of thermal expansion near to those of 
other structural materials. The glass used 
(containing 15% zinc oxide, 55% boron oxide, 10% 

20 lead oxide, 16%" silicon oxide by weight along with 
alumina and zinc fluoride) has a coefficient of ther- 
mal expansion of approximately 5x10" 5 /*C. near 
the coefficient of thermal expansion of silicon of 
approximately 2x10~ s / # C, that of AtN of approxi- 

25 mately 4x10" s /*C, and that of Kovar of approxi- 
mately 4.5* 10~ 5 /" C. Furthermore, while normal 
glass must be bonded in an oxidizing atmosphere, 
the nickel on the surface of the AtN substrate 10 
or the AtN ring 12 is easily oxidized and has 

30 properties which impair solderability, so the glass 
was selected to be specifically able to be bonded 
in a nitrogen atmosphere. Furthermore, the working 
temperature must be a temperature at which the 
already bonded solder would not be remelted. The 

35 above glass satisfies all of these requirements, so 
the bonding is carried out in a nitrogen atmosphere 
at a maximum temperature of 600* C. Note that the 
melting point of the eutectic solder is 779* C 

(7) Next the die-bonding section 20, substrate- 
40 side bonding pad 18 and pin-side bonding pad 19 

are electroplated with gold to cover their surfaces 
with gold. 

(8) The AtN substrate 10 is heated to approxi- 
mately 400 "C and the silicon semiconductor de- 

45 vice 1 is pushed against the surface gold layer (not 
shown) of the die-bonding section 20 and rubbed 
while nitrogen gas is blown in. The silicon and gold 
melt together to form a gold-silicon eutectic layer 
203. and the bonding is complete. 

so (9) Using thin aluminum wire of 20 am in 

diameter, wire bonding is carried out using ultra- 
sonic bonding. 

(10) A 30 mm-square 1 mm-thick AtN sintered 
plate is prepared. Molybdenum-manganese metal- 

55 lization is carried out on the peripheral 2 mm of 
one side as in the AtN ring 12 to form a sealing 
solder section molybdenum-manganese layer 225. 
Nickel is electroplated onto the surface of the 
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molybdenum -manganese layer 225 to form a nickel 
layer 224. In order to improve soiderability, the 
nickel layer 224 is electroplated with gold (not 
shown). 

(11) A 100 um-thick foil of gold-tin eutectic 
solder (gold containing 20% tin Jby weight) is 
placed between the AiN ring 12 and the A IN cap 
11 and heated to approximately 300 *C in a nitro- 
gen atmosphere to form the die-bonding section 
20. At this time the gold on the surface of nickel 
layer 222 and nickel layer 224 melts together with 
the gold-tin solder and the bonding by gold-tin 
solder is complete. 

(12) The frame 35 which had fixed the periph- 
ery of the signal line Kovar pins 13 in piace is cut 
off, and if necessary, the signai line Kovar pins 13 
are bent. The same work is done to the power- 
source-line Kovar pins 14. 

Thus the semiconductor package of this Pre- 
ferred Embodiment is completed. 

Semiconductor circuits with high computational 
speeds generate large amounts of heat. Therefore, 
a sow effective thermal resistance is an essentiai 
condition for packages aiming to achieve high- 
speed data transmission. Figure 4 is a cross-sec- 
tion of the package used to explain effective ther- 
mal resistance. A semiconductor element 37 does 
not generate heat from its entirety, but rather heat 
is generated in an extremely narrow region. For 
example, bipolar devices oniy generate heat at the 
p-n reverse junction (the piace where current flows 
from the n to p sections). For this reason, the 
section which generates concentrated heat shall be 
called the junction 38. The temperature here is 
called T r Heat generated by the semiconductor 
element 37 (at the junction 38) migrates to the 
surface of the package 39 and' raises its tempera- 
ture. However, the temperature varies depending 
on the location. In the Figure. T c1 >T c2 and T c4 >T c3 . 
Then the heat is radiated into the surroundings. 
This raises the temperature of the air. The tem- 
perature of air in regions to which heat does not 
migrate and are not heated up is called T a . The 
effective thermal resistance is found by dividing the 
difference between T, and the temperature of other 
sections by the energy consumed by the semicon- 
ductor device. There are effective thermal resis- 
tances found from temperature differences between 
T, and T cl through T c4 and effective thermal resis- 
tance found from the T, and T a . In this invention, 
the effective thermal resistance found from T, and 
T 3 is called the effective thermal resistance. The 
AtN used in this Preferred Embodiment has a high 
thermal conductivity of 200 W/m'K, so one effect 
of this is the package of this Preferred Embodiment 
has a low effective thermal resistance. In addition, 
this Preferred Embodiment employs the cavity-be- 
low arrangement with good heat radiation as de- 


scribed above, so the high thermal conductivity of 
AlN is taken further advantage of structurally. The 
reason for the difference in the heat radiation prop- 
erties of the cavity-below structure and the cavity- 

5 above structure will be described here. Figure 5 
compares the path of heat generated by the semi- 
conductor device until it is dispersed into the sur- 
roundings of the package, in the cavity-above 
structure (Figure 5(a)) and in the cavity-below 

jo structure (Figure 5(b)). The flow of heat is shown 
by arrows. In the cavity-above structure, the flow of 
heat takes a long path through the package so the 
effective thermal resistance is large. In addition, the 
gas 24 within the cavity does not allow convection 

is currents to be generated with only the volume 
within the package cavity, so in comparison to the 
solid, it virtually does not contribute to heat trans- 
fer. This also increases the effective thermal resis- 
tance. In comparison, in the cavity-below structure, 

20 heat can travel directly to the cooling fins 25 so the 
effective thermal resistance is suppressed to a low 
value. 

Figure 6 is a chart showing effective thermal 
resistance data comparing the cavity-above struc- 

25 cure and cavity-below structure. The tendency for 
effective thermal resistance to decrease with in- 
creasing wind speed is the same for both the 
cavity-above and cavity down arrangements. The 
effective thermal resistance is always lower for 

30 cavity-below than cavity-above, and -the same ef- 
fective thermal resistance was found at a wind 
speed of 2 m/s for cavity-below and at a wind 
speed of 8 m/s for cavity-above. The semiconduc- 
tor device of this Preferred Embodiment has 600 

35 bonding pads. Conventional flat packages could not 
fit 600 pins in a package measuring 30 mm square. 
But in this Preferred Embodiment, the pins are 
arranged in two rows, so with a pitch of 250 am 
between signal line pins and 500 urn between 

40 power-source line pins, a fetch of 600 pins can be 
achieved relatively easily. 

The semiconductor package shown in the Pre- 
ferred Embodiment of Figure 2 is mounted on a 
printed substrate 40. The pitch of the signal line 

45 pins 13 is small so the tips are bent and connected 
to copper pads 41 of a printed substrate 40 with 
lead-tin eutectic solder 42. In contrast, the pitch of 
power-source-line pins is relatively long, and their 
cross-sectional area is also large, so the most 

so commonly employed typical mounting method in 
which pins are inserted into conductive through 
holes in the printed substrate can also be em- 
ployed. However, in this Preferred Embodiment, to 
further simplify the fabrication of the printed sub-. 

55 strate, the power-source-line pins 14 are also bon- 
ded to the surface of the printed substrate. 

The signal line pins 13 have small cross-sec- 
tional areas so they cannot be expected to me- 
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chanically support the package. The weight of the 
package is supported solely by the power-source- 
line pins 14. 

Figure 7 is a top view of bonding pads on the 
semiconductor device of this Preferred Embodi- 
ment. On a 15 mm square, 600 bonding pads 
cannot be arranged in a single row. To solve this 
problem, in this Preferred Embodiment, the bond- 
ing pads are arranged in two rows. In the package, 
a bonding pad for the power-source line, the 
substrate-side bonding pad 18, is arranged on the 
side near the semiconductor device 1 as shown in 
Figure 2, so corresponding pads, power-source-line 
device-side bonding pads 232. are arranged on the 
periphery of the semiconductor device. Naturally, 
signal-line device-side bonding pads 231 are ar- 
ranged inside these. 


[Embodiment 3] 

Figure 8 is a cross-section of a semiconductor 
package which illustrates a third embodiment of the 
invention. This package has a nearly identical 
structure as Preferred Embodiment 1 shown in 
Figure 2. Here follows an explanation of the differ- 
ences and the effects of this Preferred Embodi- 
ment. 

The biggest differences from Preferred Em- 
bodiment 2 are that the At N substrate 10 is re- 
placed by a SiC substrate 26 and that the power 
source pins 30 are connected to the surface of 
substrate 10. The SiC substrate 26 is made by 
mixing SiC (silicon oxide) powder and 10% or less 
by weight of BeO powder (other sintering assis- 
tants may also be added), and sintering the mixture 
at 2.100-2,300* C. The SiC sintered body is char- 
acterized by a coefficient of thermal expansion 
near that of silicon, a thermal conductivity the same 
as that of A IN, and furthermore a dielectric con- 
stant of 40-100 or approximately ten times greater 
than that of A IN. Thus the capacitance of the 
planar conductive layers 28 is large at approxi- 
mately 1500 pF so the smoothing effect of the 
power source voltage is large. Note that AIN has a 
coefficient of thermal expansion nearly equal to 
that of SiC. and its machinability is excellent, so it 
was used for the AtN cap 11 and A IN ring 12. 
Structurally, the differences are as follows: 
(1) The path of the power source current is not 
through the an end face of the SiC substrate but 
through the surface outside the periphery of the 
package. This results in the addition of linear con- 
ducting paths 29. The effect of this change is that 
the number of bends in the power-source-line 
Kovar pins 30 are reduced, improving the reliability 
of the pins. In Preferred Embodiment 2 the power- 
source-line Kovar pins 14 are bent twice at the 
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Kovar pin bonding sections 21 so they were sub- 
ject to external forces and susceptible to breaking. 
But this structure has the drawback of a smaller 
area of contact with the cooling fins. For this rea- 

5 son, the Kovar pin bonding sections 31 are ar- 
ranged along the periphery of the SiC substrate 26. 

(2) The tips of the power-source-line Kovar 
pins 30 are made straight in a form which can be 
directly inserted into the printed substrate. This 

ro results in a total number of bends of the power- 
source-line Kovar pins 30 being 1, improving the 
reliability of the pins. Furthermore, the reliability of 
the connection with the printed substrate is higher 
than the surface connection of Preferred Embodi- 
es ment 1 . 

Here follows a description of changes in the 
fine structure due to the use of a SiC substrate. 
SiC is different than AiN in that tungsten wiring 
cannot be formed simultaneously with sintering. To 

20 solve this difficulty, wiring is created by 
molybdenum-manganese metallization of a pre- 
viously sintered SiC substrate as described above. 
Figure 8 omits the fine detail'of the SiC substrate, 
but Figure 9 is an enlargement of section "A" of 

25 Figure 8 showing this detail. Linear conducting 
paths 27 are formed by filling in holes punched in 
the lower-level SiC substrate 261, and at the same 
time molybdenum-manganese metallization layers 
are formed on the surface of the linear conducting 

30 paths 27 so that the surface of linear conducting 
paths 27 protrudes from the surface of the lower- 
level SiC substrate 261. An upper-ievel SiC sub- 
strate 262 within which linear conducting paths 29 
are similarly formed by filling in existing holes is 

35 placed on top of the lower-level SiC substrate 261. 
The adhesive used at this time is the same glass 
used in Preferred Embodiment 1. After adhesion, 
an extremely thin glass layer 32 remains, This 
layer has a small dielectric constant, but its thermal 

40 conductivity is also small so it directly affects per- 
formance, so it is vital that the layer be made as 
thin as possible. 

As described above, the fine structure is dif- 
ferent from Preferred Embodiment 1, but the basic 

45 structure as an electrically insulating substrate and 
its fundamental effects are unchanged from Pre- 
ferred Embodiment 1. 


so [Embodiment 4] 

Figure 10 illustrates a fourth embodiment of the 
semiconductor package of the invention. Figure 10 
is a perspective view of the semiconductor pack- 
55 age of the invention mounted in a supercomputer. 
The semiconductor packages illustrated in Pre- 
ferred Embodiments 1 and 2 are three-dimension- 
atly mounted on multi-layer printed substrates 33 
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connected to platters with connecters. In this Pre- 
ferred Embodiment, these have a structure divided 
into an upper platter and a lower platter. Cooling air 
is blown from below through a cross-flow grid 34 
provided between the two platters as a means of 
eliminating any unevenness in temperature distri- 
bution due to cooling. 

Semiconductor packages including iogic pack- 
ages. VR (vector register) packages, main memory 
packages, expanded memory packages are used 
and mounted on the highly integrated logic platters. 

Used as logic packages are logic LSIs and 
RAM modules; as VR packages are logic LSIs and 
VR LSIs; as. main memory are DRAM (dynamic 
random access memory) and the like. These pack- 
ages are mounted on the printed substrates by 
surface mounting, axial mounting, both-side mount- 
ing and the like. By means of this Preferred. Em- 
bodiment, the fastest supercomputers can be ob- 
tained. 


[Embodiment 5] 

Figure 1 1(a) is a cross-section illustrating a fifth 
embodiment of the invention. Figure 11(b) is a 
schematic diagram illustrating the connections of 
parallel conductive layers within a ceramic insulat- 
ing base substrate 62 used in Preferred Embodi- 
ment 5 of the invention. The semiconductor device 
t is bonded to an insulating cap substrate 53 by 
rilling material 52 with a good thermal conductivity. 
The insulating base substrate 62 and insulating cap 
substrate 53 are sintered bodies of aluminum 
nitride (A IN). The coefficient of thermal expansion 
of aluminum nitride is 3.4 * 10~ S ' C, near the co- 
efficient of thermal expansion of silicon which is the 
material for the semiconductor device, so the re- 
liability of the connection to the semiconductor 
device- 1 is sufficiently high. Furthermore, the ther- 
mal conductivity of aluminum nitride is relatively 
high at 150 Wm'K so heat generated from the 
semiconductor device 1 can be sufficiently passed 
on to the cooling fins 25 made of At, Cu or other 
metals. Note that while aluminum nitride is used, 
here for the insulating cap substrate 53, high- 
thermai-conductivity silicon carbide (SiC) contain- 
ing up to 10% beryllium by weight may also be 
used. The coefficient of thermal expansion of this 
high-thermai-conductivity silicon carbide (SiC) is 
3.7x10"^ "C. near the coefficient of thermal expan- 
sion of silicon which is the material for the semi- 
conductor device, so the reliability of the connec- 
tion to the semiconductor device 1 is sufficiently 
high and furthermore, its thermal conductivity is 
high at 270 W'rrTK so the effective thermal resis- 
tance of the package can be reduced. A material 
other than the above may also be used as long as 


its coefficient of thermal expansion is close to that 
of silicon and it is an insulating material of a 
sufficiently high thermal conductivity. The semicon- 
ductor device 1 and insulating base substrate 62 

5 maintain electrical connections 54, 55 and 56 which 
are soldered using the method of controlled col- 
lapse bonding (CCB). The insulating base substrate 
62 is formed by providing holes in a green sheet of 
aluminum nitride (AlN), packing the holes with 

w tungsten paste, laminating a plurality of green 
sheets printed with wiring patterns on their surface 
and simultaneously sintering the laminate. Terminal 
pins for external connection 64 made of Kovar are 
then fixed by soldering or the like. A material other 

/5 than the aluminum nitride described above may 
also be used as long as it is a material like alumina 
(Al 2 0 3 ), mullite, epoxy glass, or polyimide . glass, 
in that conductors may be formed within the ma- 
terial. 

20 Considering the reliability of the hermetic seal 

of the package, the coefficients of thermal expan- 
sion of the insulating base substrate 62 and insulat- 
ing cap substrate 53 are preferably equal. The 
combination of materials listed above with the high- 
25 est reliability of the hermetic seal of the package 
would be to use the same material for the insulat- 
ing base substrate 62 and the insulating cap sub- 
strate 53. and a package using aluminum nitride 
(AlN) is particularly preferable. In order to maintain 
30 the hermetic seal of the package, the insulating 
base substrate 62 containing conductive layers 57- 
61 is bonded and sealed to the insulating cap 
substrate 53 with a package-sealing layer 63 ar- 
ound its periphery. 
35 The electrical connections are as follows. 

Semiconductor device i is connected to an elec- 
trode (not shown) on top of insulating base sub- 
strate 62 by means of the CCB method using 
solder bumps. One main surface of the electrode of 
40 the semiconductor device 1 is shown in Figure 12. 
Power supply or ground connection electrodes 63. 
shown as white circles, are regularly arranged al- 
ternating with the black circles of signal-transmis- 
sion electrodes 67. The dotted lines in the Figure 
45 represent electrodes which have been omitted. As 
shown in Figure 11(b). the signal-transmission con- 
ductive layer runs along a conductive layer 60 
which extends from directly below solder bump 55. 
through holes provided in extended conductive sol- 
50 id layers 57 and 58 and connects to the terminal 
pins for external connection 64 without contacting 
the extended conductive solid layers 57 and 58. 
Since the conductive layer 60 within an insulating 
base substrate 62 connects the front and rear of 
55 the substrate by the shortest distance, even if a 
ceramic with a large dielectric constant is used for 
the substrate, the propagation delay time is made 
as short as possible. The power-supply conductive 

10 
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layer runs from solder bump 56 along conductive 
layer 59 and connects to the power-supply ex- 
tended conductive solid layer 57 provided within 
insulating base substrate 62. The power-supply 
conductive layer then runs from the periphery of 
power-supply extended conductive solid layer 57 
through conductive layer 59' provided perpendicu- 
larly to insulating base substrate 62 and, without 
contacting extended conductive solid layer 58, con- 
nects to the terminal pins for external connection 
64 provided on the periphery of the package. The 
ground-connection conductive layer runs from sol- 
der bump 54 through conductive layer 61 and, 
without contacting extended conductive solid layer 
57, connects to ground-contact extended conduc- 
tive solid layer 58. The ground-connection conduc- 
tive layer then runs from the periphery of ground- 
connection extended conductive solid layer 58 
through conductive layer 61 ' provided perpendicu- 
larly to insulating base substrate 62 and connects 
to terminal pins for external connection 64 provided 
on the periphery of the package. In the Figure, two 
wiring extend'ed layers are provided, but if neces- 
sary, more than two layers can also be provided. 
The extended conductive solid layers 57 and 58 
serve to increase the capacitance between the 
ground-connection and power-supply conductive 
layers. In effect a capacitor device is formed within 
the highly dielectric insulating base substrate 62, 
so not only can sudden voltage fluctuations be 
reduced, but the wiring length can be shortened in 
comparison to an externaily-mounted capacitor. 
This allows the quality of the transmitted waveform 
to be improved and the transmission time reduced. 

In a package of this construction, heat gen- 
erated by the semiconductor device 1 is passed to 
the aluminum nitride insulating cap substrate 53 
through the filling material 52 of good thermal 
conductivity. Heat within the insulating cap sub- 
strate 53 will disperse and pass to the cooling fins 
25 and be radiated. Since the path of heat transfer 
is short, this structure is suited for mounting bipolar 
ECL chips and other chips which consume large 
amounts of power. The material for the terminal 
pins for external connection 64 is Kovar (Fe-29 Ni- 
17 Co). The coefficient of thermal expansion of 
Kovar is 4.5x10" 6 'C, near to that of aluminum 
nitride. Therefore, the structural materials all have 
coefficients of thermal expansion near to that of 
silicon, so the problem of thermal fatigue due to 
differences in coefficients of thermal expansion be- 
tween members will not occur for any part within 
the package. 

Mullite sintered bodies in which the ratio of 
At 2 03 to Si0 2 is between 50:50 and 80:20 have 
room-temperature thermal conductivities of 3.7 to 
4.5x10"*/' C, near that of Si. and since the dielec- 
tric constant at 1 MHz is approximately 7, they 


would be particularly effective as caps and base 
boards in this invention. Mullite sintered bodies are 
crystalline bodies of the formula 3A I2O2 •2Si02. 
and these crystalline bodies are within the above 
5 range of compositions. 


[Embodiment 6] 

70 Figure 13 is a cross-section illustrating a sixth 

embodiment of the invention. The main difference 
between the structure of Preferred Embodiment 6 
and Preferred Embodiment 5 is that a wiring exten- 
sion layer 69 is provided between the semiconduc- 
15 tor device 1 and the insulating base substrate 62. 
The wiring extension layer 69 has the following 
structure. A film of polyimide or other resin is 
formed on insulating base substrate 62 made from 
aluminum nitride. On this resin film, aluminum lines 
20 are used to connect an electrode section con- 
nected to the electrodes of semiconductor device 1 
to an wiring-end electrode section connected to 
electrodes on the insulating base substrate 62. By 
using aluminum as the wiring material, eiectricai 
25 resistance is small. The wiring material need not be 
aluminum, as long as it is copper or another high- 
conductivity metal. Next, a resin film is formed on 
areas other than the electrode sections, and a 
vapor deposition layer of titanium (Ti) - platinum 
30 (Pt) -gold (Au) is formed on the electrode sections. 
Since the wiring extension layer of this Preferred 
Embodiment is formed on the above resin layer 
which has a dielectric constant of 3 to 4 at 1 MHz, 
the propagation lag time is small. Even without the 
35 above structure, as long as the insulating base 
substrate is sufficiently smooth, the vapor deposi- 
tion layer of titanium (Ti) - platinum (Pt) - gold (Au) 
may be formed directly- on top of the substrate as 
wiring. Even if the wiring pattern design would 
40 need to be changed, only the above wiring pattern 
need be changed so there is no need to change 
the insulating base substrate 62. Thus wiring pat- 
tern changes can be simpiy carried out. In addition, 
if there are a large number of signal transmission 
45 electrodes and there is insufficient space within the 
insulating base substrate which extends directly 
below the solder bumps, the wiring extension layer 
69 can be used to extend the wiring to any desired 
location. 

so in a package with this structure, heat generated 

by the semiconductor device 1 is passed to the 
aluminum nitride insulating cap substrate 53 
through the filling material 52 of good thermal 
conductivity. This insulating cap substrate 53 is 

55 fabricated from a high-thermal-conductivity alumi- 
num nitride sintered body and is machined as a 
unit with the cooling fins. Heat within the insulating 
cap substrate 53 will disperse and pass to the 
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cooling fins 65 and be radiated. Since the path of 
heat transfer is short, this structure is suited for 
mounting bipolar ECL chips and other chips which 
consume large amounts of power. 

[Embodiment 7] 

Figure 14 is a cross-section illustrating a sev- 
enth embodiment of the invention. The semicon- 
ductor device 1 is bonded to the insulating base 
substrate 62 made from an aluminum nitride sin- 
tered body. The electrodes of the semiconductor 
device 1 are connected to the electrodes of insulat- 
ing base substrate 62 with wire bonding 70 made 
from fine wire of Au. Cu, At or other metal. In 
order make the wiring length within the insulating 
base substrate 62 as short as possible, a signal- 
transmission conductive layer 60 provided perpen- 
dicularly within the substrate is connected to 
signal-transmission terminal pins for external con- 
nection 64 provided in the periphery beicw the 
semiconductor device 1 . Power-supply conductive 
layer 59 and ground-connection conductive layer 
61 are connected through extended solid iayers to 
terminal pins for external connection 64 located on 
the periphery of insulating base substrate 62. Even 
in packages which are not required to have supe- 
rior heat radiation properties, being mounted with 
semiconductor devices which operate at low levels 
of power consumption, the propagation lag time 
can be made as short as possible, and the capaci- 
tor device formed within the insulating base sub- 
strate near the semiconductor device 1 is able to 
reduce sudden voltage fluctuations. This allows the 
quality of the transmitted waveform to be improved 
and the transmission time reduced. This point is 
the same as in Preferred Embodiment 4. 


[Embodiment 8] 

Figure 15 is a cross-section illustrating an eight 
embodiment of the invention. A plurality of semi- 
conductor devices 1 are mounted by CC8 on a 
insulating base substrate 62 provided with a wiring 
extension layer 69. Depending on the application, 
the semiconductor devices can be increased in 
number or exchanged. 

The material for the insulating base substrate 
62 and insulating cap substrate 53 is an aluminum 
nitride (A IN) sintered body. 

The wiring extension layer 69 has the same 
structure as in Preferred Embodiment 3. When 
multiple chips are contained in a single package as 
in this Preferred Embodiment, signals can be ex- 
changed through wiring even between chips, so the 
wiring patterns become complex. Even if the wiring 


pattern design would need to be changed, only the 
above wiring pattern need be changed so there is 
no need to change insulating base substrate 62 or 
insulating cap substrate 53. Thus wiring pattern 

5 changes can be simply carried out. The wiring 
extension layer 69 also connects semiconductor 
devices, so the propagation time lag can be re- 
duced m comparison with the connection of pack- 
ages mounted with single semiconductor devices. 

io The signal-transmission conductive layer 60 

passes through a conductive layer within the in- 
sulating base substrate 62 formed perpendicularly 
io the substrate, and connects to the pin-shaped 
external connection terminals 64. Since the con- 

15 duciive layer within the insulating base substrate 
62 connects the front and rear of the substrate by 
the shortest distance, even if a ceramic with a large 
dielectric constant .is. used for the substrate, the 
propagation delay time is made as short as possi- 

20 ble. 

Since the insulating base substrate 62 and 
insulating cap substrate 53 are made of the same 
material the hermetic seal of the package is ex- 
cellent. 

25 In this Preierre6 Embodiment, cooling fins are 

not shown, but cooling fins may be provided. In a 
In a package with this structure, heat generated by 
the semiconductor device 1 is passed to the alu- 
minum nitride insulating cap substrate 53 through 

30 the filling material 52 of good thermal conductivity. 
Heat within the insulating cap substrate 53 will 
disperse. Since the path of heat transfer is short, 
semiconductor devices which generate small 
amounts of heat can be mounted within the same 

35 package as semiconductor devices which generate 
large amounts of heat, so computational processing 
speed can be higher than that of combinations of 
packages each containing a single semiconductor 
device. 

40 Furthermore, a part of a power-source layer 59 

is formed within the substrate as a planar film as 
shown in Figure 1(b), so in aluminum nitride or 
silicon dioxide which have high dielectric constants, 
it acts as a capacitor to eliminate malfunctions due 

as to voltage fluctuations. 

[Embodiment 9] 

so Figure 16 is a schematic of the semiconductor 

package of the invention mounted in a supercom- 
puter. A semiconductor package 71 shown m Fig- 
ures 2 through 5 is mounted on multi-layer printed 
substrate and connected to the platters with con- 

55 nectors. One mam surface of the semiconductor 
package is connected to a heat pipe 73, so that 
heat is carried by this heat pipe to a heat ex- 
changer 74 and dissipated. 
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Semiconductor packages including logic pack- 
ages, VR (vector register) packages, main memory 
packages, expanded memory packages are used 
and mounted on the highly integrated logic platters. 

Used as logic packages are logic LSIs and 
RAM modules; as VR packages are logic LSIs and 
VR LSIs; as main memory are MS (main storage) 
modules; and as auxiliary memory are DRAM 
(dynamic random access memory) and the like. 
These packages are mounted on the printed sub- 
strates by surface mounting, axial mounting, both- 
side mounting and the like. By means of this Pre- 
ferred Embodiment, the fastest supercomputers 
can be obtained. 


Claims 

1. A semiconductor package comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted, 

an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said signal lines are 
arranged such that they prevent any effects of a 
dielectric constant of the substrate. 

2. A semiconductor package comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted, 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device. 

an improvement in which said signal lines are 
formed within said electrically insulating substrate 
as conductive layers parallel to a surface on which 
said semiconductor device is mounted, and 
in which said signal lines are absent from said 
parallel conductive layers within said electrically 
insulating substrate. 

3. A semiconductor package comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted, 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said power-source lines 
pass through the interior of said electrically insulat- 
ing substrate to connect to external leads, and 


said signal lines pass through the interior of either 
said electrically insulating substrate or said elec- 
trically insulating cap to connect to external leads. 
4. A semiconductor package comprising: 

5 an electrically insulating substrate to which a semi- 
conductor device is mounted, 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 

w for said semiconductor device, and 

signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said power-source lines 
electrically connect said conductive layer within 

75 said electrically insulating substrate to said semi- 
conductor device with fine metal lines on a surface 
on which said semiconductor device is mounted, 
said conductive layer and the external leads of said 
semiconductor package are electrically connected ' 

20 on the side face of said electrically insulating sub- 
strate, and 

said signal lines are connected to said semicon- 
ductor device and external leads by fine metal 
lines. 

25 5. A semiconductor package comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted, 

an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device. 
30 power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said power-source lines 
35 comprise a conductive layer provided within said 
electrically insulating substrate, 
said signal lines are arranged to prevent any ef- 
fects of a dielectric constant of the substrate, 
said conductive layer and said semiconductor de- 
40 vice are electrically connected by fine metal lines 
on said surface of said electrically insulating sub- 
strate to which said semiconductor device is moun- 
ted, 

said conductive layer is electrically connected to 
45 the external leads of said semiconductor package 
by a conductive layer extended to the periphery of 
said electrically insulating substrate and connected 
to the external leads on the lateral face of said 
substrate, and 

so the surface of said semiconductor device onto 
which no circuits are formed is directly bonded by 
metal to said electrically insulating substrate. 

6. A semiconductor package comprising: 
an electrically insulating substrate made of a ce- 
ss ramie sintered body to which a semiconductor de- 
vice is mounted, 

an electrically insulating cap made of a ceramic 
sintered body which shuts out outside air and seals 

13 
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said semiconductor device, seals said semiconduc- 
tor device. 

power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said signal lines are 
arranged to prevent any effects of a dielectric con- 
stant of the substrate, 

said electrically insulating substrate and electrically 
insulating cap have coefficients of thermal expan- 
sion which approximate that of silicon, and 
at least said electrically insulating substrate has a 
coefficient of thermal expansion greater than 100 
W/nVK and a dielectric constant of 8.8 or more. 

7. A semiconductor package comprising 
an electrically insulating substrate to which a semi- 
conductor device is mounted, 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signais from said semi- 
conductor device. 

an improvement in which said power-supply tines 
are formed from a conductive layer provided within 
said substrate, 

said signal lines are arranged to prevent any ef- 
fects of a dielectric constant of the substrate, 
said electrically insulating substrate and electrically 
insulating cap are bonded and sealed with glass, 
the external connection terminals for said power- 
supply iines and signal lines are a plurality of metal 
pins provided on the side of said substrate and 
cap. 

the tips of said metal pins are positioned on the 
electrically insulating cap-side of said semiconduc- 
tor package and said power-supply lines and signal 
lines are divided into separate rows, 
the tips of signal-line external lead metal pins con- 
nected to an electrical connection circuit without 
passing through either said electrically insulating 
substrate or said electrically insulating cap are in 
contact with the surface of a conductive pad on a 
printed substrate and are electrically connected to 
the printed substrate by soldering, 
the tips of said power-source external lead metal 
pins connected to an electrical connection circuit 
which passes through said conductive layer within 
said electrically insulating substrate member are in 
contact with and soldered to the surface of a con- 
ductive pad on a printed substrate, or are inserted 
into hoies formed on the printed substrate, and 
thus electrically connected to the printed substrate, 
said power-source line metal pins are thicker than, 
and spaced further apart than said signal-line metal 
pins, so they act to mechanically support said 
semiconductor package. 


8. An electrically insulated substrate used for 
mounting semiconductor elements and having a 
plurality of mutually insulated conductive layers 
within its interior, which, together with an elec- 

5 trically insulating cap, comprises a semiconductor 
package which is also a sealed container, 
an improvement in which said conductive layers 
extend in planar fashion such that there are linear 
conductive paths which can electrically connect to 

io any one conductive layer but not contact other 
conductive layers, yet cross the conductive layer 
without penetrating the conductive layer. 

9. An electrically insulated substrate of Claim 8 
which has a room-temperature thermal conductivity 

15 of 100 W/m'K or greater, is made of ceramic with 
a coefficient of thermal expansion approximates 
that of silicon, is formed as said conductive. layers 
made of high-melting point metal are sintered si- 
multaneously with the ceramic. 

20 10. Metai pins for semiconductor packages 

which electrically connect the inside and outside of 
a semiconductor package to which a semiconduc- 
tor device is mounted and is provided with, an 
electrically insulating substrate containing a plural- 

25 ity of mutually insulated conductive layers as 
power-supply iines, and a electrically insulating 
cap, 

while said pins are formed by chemical etching of 
a metal plate and are arranged in a single row at a 
30 regular pitch. 

1 1 . A semiconductor device for a semiconduc- 
tor package provided with an electrically insulating 
substrate, 

an electrically insulating cap which shuts out out- 
35 side air and seals the package interior, and 

metal pins which connect to externa! wiring means 
connected to electrical connection circuits for two 
systems of signal lines, without passing through 
either the electrically insulating substrate or the 
jo electrically insulating cap 

in which bonding pads for said power-source lines 
and signal lines are arranged around the periphery 
of said semiconductor device in at least two rows, 
and 

<js in which the bonding pads for the power source are 
provided on the outermost periphery. 

12. A computer provided with platters, 
multi-layer printed substrates connected to said 
platters by connectors. 

so logical semiconductor packages and main-memory 
semiconductor packages mounted on said sub- 
strates. 

an improvement in which at least one of said 
semiconductor packages is provided with a semi- 
55 conductor device, an electrically insulating sub- 
strate containing a plurality of mutually insulated 
conductive layers, an electrically insulating cap 
which shuts out outside air and seats said semicon- 
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ductor device, and power-source lines which pass 
through said conductive layers within said elec- 
trically insulating substrate, 

while metal pins for connection to external wiring 
are connected to each of two systems of signal 
lines, without passing through either the electrically 
insulating substrate or the electrically insulating 
cap, and 

the tips of these metal pins are electrically con- 
nected to the printed substrates. 

13. A semiconductor package provided with 

an electrically insulating substrate to which a semi- 
conductor device is mounted, 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device, and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which, in order to prevent any 
effects of a dielectric constant of the substrate, said 
signal line is wired perpendicularly within said sub- 
strate, and 

said power-source line passes through a conduc- 
tive layer formed within said substrate parallel to a 
surface on which said semiconductor device is 
mounted, and connects to external leads. 

14. A semiconductor package-comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted; 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device, 
power-source lines which provide a power source 
for said semiconductor device and 
signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said power-source lines 
are connected through conductive layers formed 
within said substrate to external leads, 
said conductive layers are longer than the thick- 
ness of the substrate and have sufficient length that 
malfunctions accompanying external voltage fluc- 
tuations do not occur, 

said signal lines are formed of conductive paths 
within said substrates and are of a length equal to 
the thickness of said substrate, and 
the external terminals for said power-supply lines 
and signal lines are formed on the back side of the 
substrate on the opposite side from the surface on 
which said semiconductor device is mounted. 

15. A semiconductor package comprising: 

an electrically insulating substrate to which a semi- 
conductor device is mounted: 
an electrically insulating cap which shuts out out- 
side air and seals said semiconductor device: 
power-source lines which provide a power source 
for said semiconductor device; and 
signal lines which transmit signals from said semi- 


conductor device, 

an improvement in which said lines are arranged to 
prevent any effects of a dielectric constant of the 
substrate. 

5 the terminals for the power-source line formed on 
said substrate are arranged outside of the terminals 
for said signal line, 

said semiconductor device is connected to external 
connection terminals formed on said substrate by 

w solder bumps, 

electrodes for the power source of said semicon- 
ductor device or for connecting to ground are ar- 
ranged in a plurality of rows, alternating with elec- 
trodes for signal lines, and 

75 the surface opposite the surface on which the elec- 
trodes for said semiconductor device are provided 
is connected to an electrically insulating cap by a 
resin containing material with high thermal con- 
ductivity. 

20 16. A semiconductor package comprising: 

an electrically insulating substrate made of a ce- 
ramic sintered body to which a semiconductor de- 
vice is mounted; 

an electrically insulating cap made of a ceramic 
25 sintered body which shuts out outside air and seals 
said semiconductor device, seals said semiconduc- 
tor device. 

power-source lines which provide a power source 
for said semiconductor device, and 
30 signal lines which transmit signals from said semi- 
conductor device, 

an improvement in which said signal lines are 
arranged to prevent any effects of a dielectric con- 
stant of the substrate, 

35 said electrically insulating substrate and electrically 
insulating cap have coefficients of thermal expan- 
sion which approximate that of silicon; 
at least said electrically insulating substrate has a 
coefficient of thermal expansion greater than 100 

40 W m # K and a dielectric constant of 8.8 or more; 
and 

a thin-film multi-layer wiring layer made of resin is 
formed on the surface on which said semiconduc- 
tor device is mounted, and then the semiconductor 

45 device is mounted on this wiring layer. 

17. A semiconductor package comprising: 
an electrically insulating substrate to which a semi- 
conductor device is mounted: 
an electrically insulating cap which shuts out out- 

so side air and seals said semiconductor device; 

power-source lines which provide a power source 
for said semiconductor device; and 
signal lines which transmit signals from said semi- 
conductor device. 

55 an improvement in which, in order to minimize any 
effects of a dielectric constant of the substrate, said 
signal line is wired perpendicularly within said sub- 
strate: 

15 
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said power-source line passes through a conduc- 
tive layer formed within said substrate parallel to a 
surface on which said semiconductor device is 
mounted, and connects to external leads and 
said signal line and power-source line are con- 5 
nected to the electrodes for said semiconductor 
device with fine metal lines. 

T8. A semiconductor package of any of Claims 
13 : ; through 17 in which the external leads for signai 
lines and external leads for power-source lines on to 
said electrically insulating substrate are carried out 
by I/O pins formed perpendicularly on said sub- 
strate. 
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© Semiconductor package and computer using the package. 


© A semiconductor package for use in computers 
includes an insulating substrate (2) onto which a 
semiconductor device (1) is mounted, an insulating 
cap (3) which shuts out out side air and seals said 
semiconductor device (1), power- source lines (7) 
which provide power to the semiconductor device, 
and signal lines (6) which transmit output signals 
from the semiconductor device to external circuits. 


The signal lines are arranged perpendicularly to the 
insula ting substrate so that they are prevented 
from the dielec trie constant of the insulating sub- 
strate, while the power-source lines are formed with- 
in the insulating substrate and connected through 
conductive layers parallel to the surface onto which 
the semiconductor is mounted to external leads (4, 
5)- 
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